Objective: We sought to identify the major risk factors associated with mortality in Roux-en-Y gastric bypass (RYGB) surgery. Background: Bariatric surgery has become an established treatment for extreme obesity. Bariatric surgery mortality has steadily declined with current rates of less than 0.5%. However, significant variation in the mortality rates has been reported for specific patient cohorts and among bariatric centers. Methods: Clinical outcome data from 185,315 bariatric surgery patients from the Bariatric Outcome Longitudinal Database were reviewed. Of these, 157,559 patients had either documented 30 or more day follow-up data, including mortality. Multiple demographic, socioeconomic, and clinical factors were analyzed by univariate analysis for their association with 30-day mortality after gastric bypass. Variables found to be significant were entered into a multiple logistic regression model to identify factors independently associated with 30-day mortality. On the basis of these results, a RYGB mortality risk score was developed. Results: The overall 30-day mortality rate for the entire bariatric surgery cohort was 0.1%. Of the 81,751 RYGB patients, the mortality rate was 0.15%. Factors significantly associated with 30-day gastric bypass mortality included increasing body mass index (BMI) (P < 0.0001), increasing age (P < 0.005), male gender (P < 0.001), pulmonary hypertension (P < 0.0001), congestive heart failure (P = 0.0008), and liver disease (P = 0.038). When the RYGB risk score was applied, a significant trend (P < 0.0001) between increasing risk score and mortality rate is found. Conclusions: Increasing BMI, increasing age, male gender, pulmonary hypertension, congestive heart failure, and liver disease are risk factors for 30-day mortality after RYGB. The RYGB risk score can be used to determine patients at greater risk for mortality after RYGB surgery.
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These reports underscore the need to identify risk factors associated with surgical mortality. Development of a risk stratification system would allow for comparison of outcomes among centers and could serve as a tool for measuring quality by comparing observed to expected outcomes for comparable patient subsets.
Previously, the Obesity Surgery Mortality Risk Score emerged as a useful tool for simple identification of patients who may be at increased risk for postoperative mortality. 10 DeMaria et al 11 developed and validated the risk score in 2007, from a multivariate analysis of a single institution experience with 2075 gastric bypass patients and 31 fatalities with a 30-day mortality rate of 1.5%. The purpose of this study was to take advantage of a robust, current clinical bariatric surgery registry derived from the experience of high-volume credentialed bariatric centers of excellence to investigate patient factors, which impact surgical risk in bariatric surgery. The goal was to define overall 30-day mortality rate in current bariatric surgery practice, to perform multivariate analysis of risk factors for mortality in Rouxen-Y gastric bypass (RYGB) surgery, and to create a simple clinical scoring system to predict 30-day mortality.
METHODS

Study Population
This study is based on clinical outcome data from the Bariatric Outcomes Longitudinal Database (BOLD), 12 a large clinical registry devoted entirely to the metabolic and bariatric surgery specialty. This registry contained data entered prospectively by University and Community bariatric centers throughout the country that participated in the American Society for Metabolic and Bariatric Surgery Bariatric Surgery Center of Excellence (BSCOE) program. Clinical data were derived from the medical record including preoperative assessment data, perioperative process, and care variables, as well as later outcomes.
Primary BOLD data were generally collected in medical charts (paper or electronic) by a health care provider. Each surgical practice designated individuals, many of whom may be involved in the care of patients, who were responsible for ensuring high-quality data entry into BOLD. This assignment of data entry responsibility varied across bariatric programs. Training was available to assist with data entry and promote consistent reporting of outcomes. A portion of the data was verified by on-site inspection of patient charts before BSCOE designation and on designation renewal every 3 years. During site inspection, all operations reported in BOLD during the 12-month designated inspection period were verified with the hospital surgical record; complications and readmissions reported in BOLD were verified by chart review; and 10% of total cases were selected at random for chart review. Any unreported reoperations, readmissions, deaths, transfers, or revisions found during chart review triggered a 100% chart review. Inconsistencies noted during site inspection were reported to the Bariatric Surgery Review Committee, a group of practicing surgeons responsible for reviewing all applications to the BSCOE program.
Study Design
Clinical information was reviewed from 185,315 bariatric surgery patients who had a surgery performed between June 2007 and February 2011, all of whom were older than 18 years, had a body mass index (BMI) greater than 35 kg/m 2 , and the bariatric procedure was a primary (and not revision) procedure. To eliminate any loss of follow-up, this sample was limited to the 157,559, or 85% with either documented death within 30 days of discharge from the hospital or a documented follow-up visit after discharge that was 30 or more days after surgery. For this sample, the following data were reviewed and analyzed:
• Surgical procedure and approach • 30-day mortality Comorbid and mental health conditions were assessed at both preoperative and postoperative visits to the surgical practice using a modified version of a scoring system developed to evaluate obesity-related conditions in bariatric surgery patients. 13 The system assigns a numerical value (0-5) to indicate the severity of the disease as diagnosed by a health care provider and allows tracking of changes in the disease state over time. For the current study, the scale was dichotomized to define the presence (Yes) or absence (No) of the condition as indicated in Table 1 . In the dichotomization, care was taken to review the classification for each comorbid condition and to include the comorbid condition as present only when there was as much documentation as possible.
Thirty-day mortality in RYGB patients was evaluated in the context of patient demographics, socioeconomic factors, comorbid conditions, and mental health conditions. These univariate relationships were assessed using χ 2 tests. Variables that were significant in univariate analysis were considered for inclusion in a multiple logistic regression model, which was used to identify the set of variables that independently predicted 30-day mortality. Variables were selected for inclusion in the model using manual, forward, stepwise approach after considering whether they had previously been associated with 30-day mortality, the strength of association in univariate analysis, their correlation with variables already in the model, and the frequency of occurrence. All tests were 2 -sided, and P < 0.05 was considered significant. SAS version 9.2 (SAS Institute, Cary, NC) was used for statistical analyses.
RYGB Risk Score
A RYGB risk score was developed using the results of the multiple logistic regression model. The scoring system accounted for the relative contribution of each variable to the final model using the size of the odds ratios (eg, odds ratios between 2.00 and 3.99 were given a score of 1 point, odds ratios between 4.00 and 5.99 were given a score of 2 points, odds ratios greater than 6.00 were given a score of 3 points). The score was then calculated for each of the RYGB patients in the study by totaling their points across the items in the final logistic regression model. The distribution of the study patients across risk scores was evaluated, and the 30-day mortality rate at each risk score level was assessed using a Cochran-Armitage trend test. The RYGB risk score was also compared with the Obesity Surgery Mortality Risk Score, with the number of total patients and mortality rate in each risk score group for each risk score was calculated. To evaluate the RYGB risk score and Obesity Surgery Mortality Risk Score in regard to differentiating among risk groups, measures of discrimination and reclassification were calculated. C-statistics were used to evaluate discrimination, which assesses the ability of each mortality score to distinguish between those who died and those who survived RYGB at 30 days.
14 The net reclassification index was used to examine whether using the RYGB mortality risk score appropriately reclassified cases (ie, those who died) into the highest numerical risk groups and reclassified noncases (ie, survivors) into the lowest risk groups as compared with the Obesity Surgery Mortality Risk Score. 15, 16 
RESULTS
The focus of the analysis was 30-day postoperative mortality. There were 158 mortalities in the entire cohort of 157,559 patients resulting in an overall mortality rate of 0.1%. Table 2 shows the 30-day mortalities expressed by surgery type. The most common procedure performed was RYGB (N = 81,751), and the majority of the overall mortalities (78%) occurred in this group of patients. The approach to RYGB was laparoscopic in 93% of cases and open in 6%, with a 1% conversion rate. Mortality rate was not influenced significantly by the surgical approach (χ 2 P = 0.48). The relationship between patient demographics and BMI with 30-day mortality in RYGB was determined by univariate analysis (Table 3) . Statistically significant predictors of 30-day mortality included male gender (P < 0.0001), increasing age (P < 0.0001), and baseline BMI (P < 0.0001). In addition, the analysis revealed that differences in insurance coverage and employment status are associated with statistically significant differences in RYGB mortality (P < 0.0013, and P < 0.0001 respectively).
The presence of specific comorbid conditions and impaired functional status also showed a statistically significant relationship with 30-day mortality in the univariate analysis ( Table 4 ). The associated comorbidities included hypertension (P < 0.0001), congestive heart failure (P < 0.0001), ischemic heart disease (P = 0.0001), peripheral vascular disease (P = 0.0044), diabetes (P < 0.0001), hyperlipidemia (P = 0.0003), obesity hypoventilation syndrome (P = 0.0003), pulmonary hypertension (P < 0.0001), liver disease (P = 0.017), psychosocial impairment (P = 0.047), abdominal hernia (P = 0.0099), and impaired functional status (P < 0.0001).
Variables shown to be significantly associated with increased 30-day mortality by univariate analysis were included stepwise in a multivariate model. Results of the multivariate analysis showed that increasing BMI, increasing age, and male gender were strong predictors of mortality (Table 5) , with BMI and age correlated with increased mortality risk in a continuous relationship. In addition, after adjusting for age, BMI, and gender, comorbid conditions associated with increased mortality risk in this model included pulmonary hypertension (P = 0.0001), congestive heart failure (P = 0.0008), and liver disease (P = 0.038). Patient factors such as insurance and employment status, functional status, and the remaining comorbid diseases found to be statistically significant in the univariate analysis lost statistical significance in the multivariate model. We then developed a RYGB risk score based upon the size of the odds ratios found for each of the variables according to the following algorithm:
• 1 point for each decade older than 40 years (eg, 50 = 1, 60 = 2, 70 = 3).
• 1 point for each 10 BMI units greater than 40 (eg, 50 = 1, 60 = 2, 70 = 3).
• 1 point for male gender.
• 1 point for CHF.
• 1 point for liver disease • 2 points for pulmonary hypertension.
The RYGB risk score developed in this study and the Obesity Surgery Mortality Risk Score were then calculated for each of the 81,751 RYGB patients and compared with actual mortalities in each score category. A significant trend between mortality rate and increasing risk score (Cochran-Armitage trend test P < 0.0001) was found for both the risk score derived in this study and the Obesity Surgery Mortality Risk Score (Fig. 1) . The RYGB risk score also demonstrated better discrimination (C-statistic 0.761 vs 0.722, P = 0.016) than the Obesity Surgery Mortality Risk Score. The RYGB risk score also reclassified an additional 3.3% of cases into the highest risk group and an additional 13.7% of the noncases into the lowest risk group. This resulted in an overall net reclassification index of 17.0% (95% confidence interval = 11.5%-22.5%, P < 0.0001).
DISCUSSION
This study utilized a robust bariatric clinical registry comprising detailed information about obesity-related comorbid conditions and perioperative clinical data obtained from participants in the American Society for Metabolic and Bariatric Surgery BSCOE program. This is the largest sample size yet analyzed to determine bariatric surgical outcomes. The overall 30-day mortality rate of 0.1% we found is consistent with recent data from the Michigan Bariatric Surgery Collaborative with a 0.09% mortality rate also from a large clinical registry (N = 25,469), 2 the 0.12% rate from the Nationwide Inpatient Sample, an administrative database based on a group of 304,515 patients, 5 and the National Surgical Quality Improvement Program report of 11,023 patients with mortality of 0.2%. 4 These outcomes reflect the continuing trend toward declining mortality rates after high-risk surgical procedures. 17 Among the bariatric procedures we reviewed, the procedure with the lowest 30-day mortality rate was adjustable gastric banding (0.02%), followed by sleeve gastrectomy (0.13%), RYGB (0.15%), and biliopancreatic diversion with duodenal switch (BPD-DS) (0.36%). The increased mortality rate associated with BPD-DS found in this study is similar to the findings in the Michigan Bariatric Surgery Collaborative data (0.3%), 2 and lower than the National Surgical Quality Improvement Program data set (1.7%), 5 although the numbers of patients undergoing BPD-DS are relatively small in each cohort. In this study, RYGB was the only procedure with a large enough sample size to provide sufficient power to analyze surgical mortality.
We found that higher BMIs and age were strong predictors of risk for 30-day mortality in RYGB patients, confirming the work of others. 6, 7, 10 However, this is the first risk analysis to demonstrate a continuous "dose-response" relationship between increasing BMI and increasing age with mortality risk. Our findings support the findings of the Obesity Mortality Risk Score analysis, which identified BMI greater than 50 as the strongest predictor of mortality with an odds ratio of 3.6. 10 We found that the highest BMI cohort (>70) was the strongest risk predictor with an odds ratio of 7.53.
The contribution of the obesity disease burden to surgical mortality risk is much more difficult to study. Factors contributing to this difficulty include how individual comorbid conditions are defined; the severity and duration of individual comorbid conditions; and the established relationship between increasing age, increasing BMI, and male gender with more serious comorbid conditions. 18 Comorbid conditions previously linked to surgical risk include chronic venous stasis disease, 9 pulmonary embolus, 6 and hypertension. 6 The Obesity Mortality Risk Score defined the risk of postoperative pulmonary embolus (combining venous stasis disease, obesity hypoventilation syndrome, right heart failure, pulmonary hypertension, previous thromboembolism, and inferior vena cava filter) as a mortality predictor. 10 The Longitudinal Assessment of Bariatric Surgery study also identified a history of thromboembolism, a diagnosis of obstructive sleep apnea, and impaired functional status as risk factors for a 30-day adverse composite endpoint including mortality. 3 Our findings indicate that, after controlling for BMI, age and gender, pulmonary hypertension was a strong independent risk factor for mortality (odds ratio = 4.94), whereas congestive heart failure and liver disease were somewhat weaker predictors of mortality. In our multivariate analysis, we assessed the collective components for thromboembolism risk as defined by DeMaria 10 and were unable to confirm thromboembolism as a risk for mortality. Although thromboembolism risk may well be a contributor, its impact on 30-day mortality appears to be reduced in this cohort. There are several plausible explanations for this finding. The percent with thromboembolism risk observed by DeMaria was 7.2% as compared with 3.6% in our cohort. This might reflect changes in patient selection driven by thromboembolism risk factors and more aggressive use of thromboembolism prophylaxis in contemporary bariatric practice as a result of DeMaria's findings. In addition, the learning curve for minimally invasive bariatric procedures is now completed in credentialed bariatric centers and procedures are shorter with possibly less thromboembolism risk, and open procedures are now less than 10%. Finally, because of the work of DeMaria and others, patients with thromboembolism risk are now identified as high risk, which may result in better preoperative preparation and postoperative surveillance.
We also identified pulmonary hypertension as a strong predictor with male gender, congestive heart failure, and liver disease as additional, less powerful but statistically significant risk predictors. Although pulmonary hypertension and heart failure have been associated with increased risk in obese patients for other surgical procedures, 19 little has been documented regarding the implications of pulmonary hypertension in bariatric surgery outcomes. The prevalence of pulmonary hypertension in this cohort was 0.5%, and only patients with a confirmed diagnosis were included in the analysis. Pulmonary hypertension has multiple causes, including idiopathic, drugs, left heart disease, lung disease (including sleep disordered breathing), hypoxia, and chronic thromboembolism. 20 Furthermore, the diagnosis, which is usually based on intravascular ultrasound findings, can often be subject to technical limitations and operator experience.
Congestive heart failure is a proven surgical risk factor in the general population undergoing noncardiac surgery. The prevalence of congestive heart failure in this study cohort was 2.4%, which is comparable to the prevalence of this comorbid condition in other series of bariatric patients. However, in this cohort, the diagnosis is based on degree of symptoms, likely because the clinical diagnosis of congestive heart failure in patients with extreme obesity is difficult because of the extensive subcutaneous fat, which hides distended neck veins, limits estimation of hepatojugular reflux, and renders adventitious heart sounds inaudible. In addition, many patients with extreme obesity may have limiting exertional symptoms solely on the basis of obesity and deconditioning. Long-standing extreme obesity is a known risk factor for congestive heart failure, and varying degrees of cardiac remodeling are often detected in morbidly obese patients being considered for bariatric surgery. 21 On the basis of these data, future efforts to better identify, define, and stratify pulmonary hypertension and congestive heart failure and their relationship to bariatric surgery seem warranted.
Although cirrhosis is a known risk factor for postoperative mortality in bariatric surgery, 22, 23 this is the first study that documents liver disease of lesser degrees than cirrhosis as a risk factor for 30-day mortality after RYGB. Nonalcoholic fatty liver disease is a very common finding in a population with extreme obesity. In a large bariatric surgery cohort, liver steatosis based on biopsy was present in 67%, fibrosis in 25%, and cirrhosis in 2%. 24 The data we analyzed had a much lower overall prevalence of liver disease (<3%) that was assessed preoperatively without the use of systematic intraoperative liver biopsy. The discrepancy likely reflects liver disease diagnosed only on the basis of relatively insensitive nonhistological methods such as serum alanine and aspartate aminotransferase levels as well as liver ultrasound findings. The relationship between nonalchoholic fatty liver disease and RYGB mortality may be related to proinflammatory and prothrombotic states. 25 The Obesity Surgery Mortality Risk Score developed by DeMaria was based on data from an earlier era of bariatric surgery, at the beginning of the transition from open to minimally invasive approaches and was based upon data from a single institution and a limited cohort of 2075 patients with 31 mortalities. 10 In contrast, this study takes advantage of a much larger sample size and a similarly larger number of mortalities. Despite the differences in sample size and time period, the 2 risk analyses identified increasing age and BMI as well as male gender as mortality risk factors. Although surgical mortality rates are influenced by many factors including surgeon experience and expertise, procedure volume, structure and process of care, and patient-specific risk factors, 26 our use of a much larger clinical data registry derived from established high-volume bariatric surgery centers may account for differences with previous studies. Importantly, we found that the RYGB mortality risk score was able to classify a significantly greater number of patients into the highest and lowest mortality risk categories. More than twice as many patients were classified in the highest risk category of the RYGB risk score, which had a correspondingly higher mortality rate. Almost twice as many patients were classified in the lowest risk category by the RYGB score, which in absolute terms translates into a large number of patients. Any improvement in our ability to more accurately identify high-and low-risk patients has obvious implications regarding patient selection and preparation for surgery as well as cost-effective allocation of resources. The strengths of this study include the robust sample size, the large number of mortalities, and the favorable ratio of predictors to events, which strengthens the multivariate analysis. The major limitations of this study relate to method of data collection in this large cohort, and to the specific definitions, diagnosis, and stratification of comorbid conditions including pulmonary hypertension, congestive heart failure, and liver disease. It is hoped that the findings in this study will be confirmed and augmented by future studies utilizing similar statistical methodology, but with standardized criteria for the definition and severity assessment of the obesity-related comorbid diseases.
A recent report has raised questions regarding the long-term benefits of bariatric surgery in high-risk patients. 27 In the current era when patient access to bariatric surgery is now a major national issue, the ability to better characterize surgical risk in candidates for bariatric surgery will improve patient selection for surgery, enhance the implementation of risk-reducing strategies, and favorably influence allocation of resources.
